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Abstract 44 
 45 
Reason for performing the study: Saddle fit is considered to be a crucial factor for the health and 46 
performance of horses, yet there is a paucity of scientific data. Objective: To determine the 47 
relationship between saddle and rider kinematics, horse locomotion and thoracolumbar pressures in 48 
sound horses. Method: Seven horses with asymmetric saddle position were tested before and after 49 
correction of the saddle positioning asymmetry. Kinematic and kinetic data were collected using 50 
motion capture, inertial sensors and a pressure mapping system. Data of horses showing saddle roll to 51 
the right were normalised to represent saddle roll to the left. Results: When comparing saddle roll 52 
with saddle correction in trot, this study found that once the saddle had been corrected on the rein 53 
with saddle roll to the outside (here: right rein) there was an increase in outside front fetlock 54 
hyperextension (P=0.02) and inside hind fetlock hyperextension (P≤0.05); there was a reduction in 55 
peak pressures after saddle correction under the inside portion of the panel in trot (P≤0.05) and canter 56 
(P=0.04), riders showed increased thoracic side bend (lean) on the contralateral side to the direction of 57 
saddle roll (P=0.02). Conclusion: The presence of saddle roll creates changes in fetlock 58 
hyperextension and hence likely force production, increased peak pressures beneath the panel on the 59 
contralateral side to the direction of saddle roll and affects rider position, with the rider leaning in the 60 
opposite direction to saddle roll likely in order to optimise balance.  61 
 62 
Keywords 63 
 64 
horse, locomotion, biomechanics, saddle position, symmetry 65 
 66 
 67 
1. Introduction 68 
 69 
Horse and rider interaction is of interest in improving welfare, longevity and performance in the 70 
ridden horse (1-3). Poor saddle fit and positioning is thought to cause back pain in horses leading to 71 
behavioural and performance problems (4).There have been considerable advances in equestrian tack; 72 
for example scientific studies have informed girth, bridle and more recently saddle design to optimise 73 
pressure distribution and improve locomotor performance (5-7), along with thresholds being 74 
published representing saddle pressures which could lead to back discomfort (8).  However, there is 75 
still a paucity of objective, quantitative data on saddle kinematics and its effect on musculoskeletal 76 
disorders and performance.  77 
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During locomotion, the equine back undergoes three-dimensional translations (dorsoventral, 78 
mediolateral craniocaudal) and rotations (axial rotation, lateral bending and flexion/extension, (9, 10) 79 
with the saddle being positioned over the mid thoracic region. Given these movements, correct saddle 80 
fit for horse and rider is likely to promote unhindered back function and improved stability for the 81 
rider, facilitating positive interaction with the horse (11).  Defined with respect to the horse: saddle 82 
kinematics can include any translational (acceleration, velocity or displacement in dorsoventral, 83 
craniocaudal and mediolateral direction) or rotational movement (pitch, roll, yaw) (3). Saddle 84 
kinematics have been investigated in sound horses, including the pressures associated with saddle fit 85 
and type (12, 13) and the effect of tree and panel widths (1) and pad materials (14-16). Saddle and 86 
rider kinematics during each phase of the stride whilst trotting on a treadmill (11) and over ground 87 
(17) have been investigated.  88 
 89 
A fitted saddle should remain in balance during ridden activity with no overt signs of lateral 90 
displacement or craniocaudal movement. However, despite correct fitting, saddles can show signs of 91 
lateral displacement alluding to the challenges of saddle fitting. To date there has been no published 92 
study in sound horses showing the effect that saddle positioning and asymmetry may have on the 93 
locomotion of the horse. A multifactorial approach as to why saddles show lateral displacement is 94 
needed, i.e. taking into account laterality, conformation, saddle construction, musculoskeletal 95 
asymmetries and rider influence. Although there are a multitude of explanations there is evidence that 96 
saddle displacement can be associated with hind limb lameness. A recent study has shown that in 54% 97 
of cases with hind limb lameness, saddle slip, (defined as a saddle being laterally displaced 98 
consistently to one side), (18) towards the lamer hind limb was observed and after abolishing the 99 
lameness through diagnostic analgesia, an improved saddle positioning was observed visually.  100 
 101 
In trot, the sum of force over six motion cycles has been quantified to amount to twice the body mass 102 
of the rider and in canter two and half times (19) . In trot it is assumed that, with a correctly fitting 103 
saddle, these forces would be distributed on the horse’s back, however, in cases where there are signs 104 
of poor fit and/or lateral saddle positioning (saddle roll), it is likely that this would cause the horse to 105 
adjust its loading to withstand the asymmetric forces particularly applied to one side of its back as a 106 
result of saddle position (19).  107 
 108 
In trot, an asymmetric force distribution through the saddle/stirrups onto the back of the horse, is 109 
likely to have an effect on asymmetry of loading between contralateral front and hind limbs, as well 110 
as on translational and rotational movements of the thoracolumbosacral region. Changes in 111 
thoracolumbosacral kinematics were found after the elimination of lameness, ie. after elimination of 112 
pelvic movement asymmetry (20) and consequently elimination of asymmetrical force production 113 
between contralateral limbs. It seems likely that  horses might adapt thoracolumbar movement and 114 
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fetlock hyperextension (shown to increase with increased vertical force (21)) in the presence of an 115 
asymmetrically positioned saddle.   Likewise, as a function of an asymmetrically positioned saddle, 116 
angular kinematics (carpus and tarsus) may be altered in an attempt to maintain thoracolumbar 117 
stability which is likely to be compromised due to these asymmetric forces as a result of saddle 118 
position (22).  119 
 120 
Canter kinematics are somewhat different, due to the asymmetric nature of the gait, saddle roll is 121 
more noticeable especially when circling (15). In gallop, during the stance phase of the lead hind 122 
limb, the horse’s trunk displaces laterally away from the leading hind limb. The peak forces in the 123 
stirrup have been reported to be higher on the contralateral side to the leading limb, likely in an 124 
attempt for the jockey to maintain their centre of mass as close to the midline of the horse, in doing so 125 
the jockey pushes against the stirrup on the opposite side to the leading limb (23). Although these 126 
findings are in gallop, it seems reasonable to assume that similar mechanics could be applied in 127 
canter; saddle rolling away from the leading hind limb, likely affecting thoracolumbar kinematics and 128 
creating asymmetric pressures beneath the saddle and consequently affecting rider positioning.  129 
 130 
The aim of this study was to investigate the relationship between saddle and rider kinematics, horse 131 
locomotion and thoracolumbar saddle pressures in sound horses. The objectives of this study were to 132 
determine the effect of an asymmetrically positioned saddle on 1) movement symmetry of the horse in 133 
hind and front; 2) pressure distribution under the saddle; 3) rider positioning. 134 
 135 
It is hypothesised that on the rein where the saddle position is shifted towards the outside we will 136 
observe 1) in trot, increased fetlock hyperextension on the outside front limb along with reduced 137 
carpal and tarsal flexion on the inside limbs; 2) in canter, increased outside front limb fetlock and 138 
decreased inside hind fetlock hyperextension; 3) an asymmetric distribution in saddle pressures 139 
beneath the inside portion of the panel as a result of the saddle being brought up close to the 140 
vertebrae; 4) asymmetric rider kinematics particularly with the rider’s seat being displaced to the 141 
outside and in order to maintain balance the rider will lean to the inside resulting in an increased 142 
lateral thoracic side bend. 143 
 144 
 145 
 146 
 147 
 148 
 149 
 150 
 151 
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2. Materials and Methods 152 
The study was approved by the ethics and welfare committee of the first author’s institution, project 153 
number URN 20181785-2.  154 
2.1 Horses 155 
A convenience sample of seven adult sports horses was used in this study. Horses and riders were 156 
recruited via Facebook asking for riders to volunteer to participate. Inclusion criteria were saddle 157 
“slip” confirmed by Society of Master Saddler Qualified Saddle Fitter (SMSQSF), the horse free from 158 
lameness as perceived by the owner, in competitive work and within a 2-hour journey time of the 159 
proposed data collection site. The horses were all geldings from a variety of disciplines (n= 4 160 
dressage, 1 working hunter and 2 eventers). They ranged in height at the withers (1.63-1.80m with a 161 
mean±SD of 1.69±0.07m), body mass (495-590kg with a mean±SD 523±47kg) and age (6-12 years 162 
with a mean±SD 9±2.8 years). Horses underwent a veterinary assessment performed by two 163 
veterinary surgeons, including flexion tests of all four limbs and no lameness was observed 164 
subjectively. The horses’ gait was also assessed quantitatively on a hard surface with a validated 165 
sensor based systemb (4x Xsens MTw,) (24, 25). Data were collected in hand, in trot and data 166 
analysed from a total of 40 strides per horse. 167 
Six riders were of an experienced level all competing at (British Dressage) advanced medium or 168 
above, (4 female and 2 male (1 female rode two horses)), (mean±SD) height 1.52m ± 0.05, body mass 169 
67±11 kg. Information such as height, fitness, handedness and body mass along with medical 170 
information - in particular previous injuries - was obtained by questionnaire. All riders at the time of 171 
the study were free from any injuries. Informed consent was obtained and riders could withdraw from 172 
the study at any point should they wish to do so. 173 
2.2 Saddles 174 
 175 
The horses’ own saddles were used (5 dressage and 2 general purpose,) which had been checked for 176 
fit prior to the study. On the day of the study, following the SMS static and dynamic saddle fitting 177 
guidelines, each horse and saddle was assessed by four SMSQSF. The static assessment following a 178 
published protocol for which each SMSQSF completed the 7 points of saddle fitting and documented 179 
their responses, independently from each other using an observation sheet (26).  180 
 181 
 182 
 183 
 184 
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2.3 Study Protocol 185 
 186 
Each horse underwent a warm up period self-prescribed by the rider lasting fifteen minutes; followed 187 
by a prescribed rising trot and seated canter protocol lasting eight minutes, during which saddle- 188 
horse-rider kinematics were quantified along with saddle-horse kinetics. Horses were tested with their 189 
own saddle displaying ‘saddle roll’ first and then data collection was repeated after the saddle had 190 
been corrected by a SMSQSF; all corrections were made by the same SMSQSF. Data were collected 191 
during straight line locomotion in rising trot left rein, rising trot right rein, canter left lead and canter 192 
right lead. All measurements were performed on the same outdoor school on the same surfacea, which 193 
was groomed prior and in between each horse trial in the same way. Three repeats on the left and right 194 
rein were collected with ‘saddle roll’ and then saddle corrected. If the horse lost straightness, tripped 195 
or made an obvious alteration in gait pattern (e.g. shying) the trial was repeated. Asymmetric saddle 196 
positioning was corrected with the use of shims (Prolite) which were positioned underneath the 197 
saddle. The shims are designed and contoured to fit beneath the saddle panel. In brief, saddles which 198 
rolled were fitted with either a thin shim (5 mm thick) or a thick shim (10 mm thick) underneath the 199 
saddle. Saddles which rolled to the left were fitted with a shim under the caudal portion of the left 200 
panel and cranial portion of the right panel, saddles which rolled to the right were fitted with a shim 201 
under the caudal portion of the right panel and cranial portion of the left panel. A SMSQSF was 202 
responsible for determining the thickness of the shims to be used dependent on the degree of observed 203 
saddle asymmetry.  204 
 205 
2.4 Horse, rider and saddle kinematics 206 
2.4.1 Kinematics - 2-Dimensional Motion Capture  207 
Kinematic data were recorded with a high-speed video camera system, using twenty-four skin 208 
markersc (30 mm) placed on each horse using double sided tape. Marker locations were identified by 209 
manual palpation of anatomical landmarks identifying joint centres and segment ends; once located, 210 
white skin paint was used to mark each reference point. Markers were located (1) scapular spine, (2) 211 
head of humerus (cranial), (3) lateral condyle of humerus, (4) lateral metacarpal condyles, (5) distal 212 
aspect of the metacarpus over the lateral collateral ligament of the metacarpophalangeal joint, (6) 213 
origin of the lateral collateral ligament (LCL) of the distal interphalangeal joint, (7) tuber sacrale, (8) 214 
greater trochanter of the femur, (9) lateral condyle of the femur, (10) talus, (11) distal aspect of the 215 
metatarsus over the lateral collateral ligament of the metatarsophalangeal joint and (12) origin of the 216 
lateral collateral ligament (LCL) of the distal interphalangeal joint (Figure 1) on both sides of the 217 
horse. 218 
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Two high speed cameras (Quintic) were positioned at a ten metre distance from the experiment track, 219 
capturing simultaneously left and right sides of the horse at 400 Hz (spatial resolution 1300x400, 400 220 
fps at 10m distance), with a field of view capturing two complete strides in trot and canter. A halogen 221 
light was used to illuminate the markers. High speed video data was recorded and downloaded to a 222 
laptop (Sony Vaio) and processed using two dimensional motion capturec (Quintic Biomechanics). 223 
This experimental technique has been described previously (5-7). Automatic marker tracking was 224 
used to investigate maximum carpal flexion (palmar angle between (3) lateral condyle of humerus, (4) 225 
lateral metacarpal condyles and (5) distal aspect of the metacarpus over the lateral collateral ligament 226 
of the metacarpophalangeal joint), maximum tarsal flexion (angle between lateral condyle of the 227 
femur, (10) talus, and (11) distal aspect of the metatarsus over the lateral collateral ligament of the 228 
metatarsophalangeal joint) during the swing phase and maximum fetlock extension during stance for 229 
front (palmar angle between (4) lateral metacarpal condyles, (5) distal aspect of the metacarpus over 230 
the lateral collateral ligament of the metacarpophalangeal joint and (6) origin of the lateral collateral 231 
ligament of the distal interphalangeal joint) and hind limbs (palmar angle between (10) talus, (11) 232 
distal aspect of the metatarsus over the lateral collateral ligament of the metatarsophalangeal joint and 233 
(12) origin of the lateral collateral ligament of the distal interphalangeal joint) (Figure 1). All raw data 234 
were smoothed using a Butterworth low-pass filter with a cut off frequency 10 Hz (27) 235 
2.4.2 Kinematics - Inertial Measurement Units  236 
Horses were instrumented with four MTw inertial measurement units (IMU) (Xsens). These were 237 
attached over the sacrum and left and right tuber coxae using custom built pouches and double sided 238 
tape and over the poll using a custom made Velcro attachment. Sensor data were collected at 80 Hz 239 
per individual sensor channel and transmitted, via proprietary wireless data transmission protocol 240 
(Xsens), to a receiver station (Awinda, Xsens) connected to a laptop computer running MTManager 241 
(Xsens) software.  242 
IMU data were processed following published protocols (24). In brief, tri-axial sensor acceleration 243 
data were rotated into a gravity (z: vertical) and horse-based (x: craniocaudal and y: mediolateral) 244 
reference frame and double integrated to displacement. Displacement data were segmented into 245 
individual strides based on vertical velocity of the sacrum sensor (28) and median values for the 246 
following kinematic variables were calculated over all strides for each exercise condition for both 247 
saddle roll and saddle corrected conditions. IMU data is generated using displacement data (deviation 248 
from a zero average position) as opposed to positional data based on highpass filtering and double 249 
integration from acceleration data (24). 250 
• range of motion: maximum – minimum value over a stride cycle for x, y and z displacement 251 
for trot and canter 252 
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• minimum difference (MinD): difference between the two minima in vertical (z) displacement 253 
observed during the two diagonal stance phases in trot (29) 254 
• maximum difference (MaxD): difference between the two maxima in vertical (z) 255 
displacement observed after the two diagonal stance phases in trot (29) 256 
• hip hike difference (HHD): difference between vertical upward movement amplitude of left 257 
and right tuber coxae during contra-lateral stance (30). 258 
In order to allow interpretation of the effect of saddle roll, IMU derived kinematic variables were 259 
compared between reins: range of motion variables were subtracted from each other (left rein value – 260 
right rein value), movement symmetry values (MinD, MaxD, HHD) were added up (left rein value + 261 
right rein value). This procedure ensures that for horses performing symmetrically between reins, 262 
values near zero are expected, since head and pelvic movement symmetry values show directional 263 
circle dependent tendencies (positive for one rein, negative for the other) (29).  264 
2.4.3 Kinetic Data – pressure distribution 265 
Kinetic data under the saddle were recorded using a pressure mapping systemd (Pliance System, 266 
Novel, MSA600, sampling rate 50 Hz). The pressure mat consisted of 256 sensors arranged into 8 267 
columns and 16 rows, left and right. The mat was divided into two halves with no sensors over the 268 
vertebrae. Prior to measuring, the pad was zeroed without the saddle, girth or rider (31) and was fitted 269 
so that the pressure mat was on top of the horse’s skin and beneath the numnah and saddle as 270 
previously described (5-7). Peak pressures (kPa) and maximum force (N) in trot and canter for both 271 
saddle roll and saddle correction were collected. Data were included from eleven repeated strides, 272 
with both the start and end points being determined by maximal protraction of the inside hind limb on 273 
both reins. Data were then split into left and right sides denoting the left and right portion (panel) of 274 
the saddle. 275 
 276 
2.4.4 – Rider Kinematics  277 
Rider kinematics in relation to the horse were quantified by applying 30mm spherical markers 278 
positioned on the midline of the cantle, between the two tubera sacrale and caudal aspect of the croup 279 
with riders wearing a posture jacket (Visualise), with lines positioned horizontally across the upper 280 
scapula and down the spine of the rider; this jacket acted as a body suit so the rider’s anatomical 281 
locations could easily be identified. A high speed camera (240 Hz) was positioned on a tripod which 282 
remained in the same position caudal to the horse, capturing straight line locomotion in trot and canter 283 
on both reins with saddle roll to the outside (right) and saddle roll to the inside (left). With the camera 284 
zoom remaining the same from a caudal view, the riders’ trunk and leg position were quantified with 285 
saddle roll and after saddle correction. Two angles were measured: 1) the angle between the 286 
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Acromion, Greater Trochanter (dorsal) and the lateral Femoral Condyle (ventral) representing the 287 
rider’s trunk angle and 2) from the horizontal the angle between the ventral aspect of both the inside 288 
and outside stirrup representing the rider’s heel position (figure 2). Data were collected from five 289 
consecutive strides when the inside hind limb was maximally protracted on both reins in trot and 290 
canter. 291 
 292 
 293 
2.4.5 - Data normalisation 294 
To make optimal use of the sample of n=7 horses, all kinetic and kinematic data were ‘normalised’ 295 
with respect to the direction of saddle roll. Data of horses with saddle roll to the right (n=2) were 296 
combined with data of horses with saddle roll to the left (n=5). This data normalisation process 297 
required (1) inverting IMU asymmetry and saddle pressure data for horses with saddle roll to the right 298 
and (2) expressing movement conditions and limbs with respect to the side of the saddle roll as inside 299 
or outside rather than left or right. As a consequence, ‘rein with saddle roll to the outside’ was used to 300 
express the direction of movement for a horse with saddle roll to the left on the right rein (or a horse 301 
with saddle roll to the right on the left rein) and ‘rein with saddle roll to the inside’ for a horse with 302 
saddle roll to the left on the left rein (or a horse with saddle roll to the right on the right rein). This 303 
process effectively assesses the two horses showing saddle roll to the right through a mirror.  304 
 305 
2.5 Data Analysis 306 
 307 
 308 
2.5.1 – Data Collection 309 
 310 
From the 2-dimensional kinematic analysis, data were collected from two consecutive strides with 311 
three repeats, totalling six strides used for analysis for both trot and canter on both inside/outside rein 312 
for each horse for both conditions. Outcome parameters for each condition were: 1) maximum fetlock 313 
hyperextension front and hind during stance, 2) maximum carpal flexion, 3) maximum tarsal flexion. 314 
 315 
 316 
From IMU and pressure distribution, measurements were started/stopped at the same time, data were 317 
matched in relation to movement condition and collected from eleven consecutive strides from three 318 
repeats, totalling mean±SD 33±3 strides being used for analysis, in trot and canter on both 319 
inside/outside rein for each horse, for each condition. Outcome parameters were for the IMU- 320 
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craniocaudal, vertical and mediolateral range of motion. 1) inside and outside tuber coxae, 2) sacrum 321 
and 3) hip hike difference and differences in movement symmetry between saddle roll and after 322 
saddle correction. Pressure distribution: differences in saddle pressures, 1) pressure beneath the inside 323 
panel, 2) pressures beneath the outside panel between saddle roll and after saddle correction. 324 
 325 
2.6 Statistical Analysis 326 
 327 
Statistical analysis was performed in SPSS (vers. 22, IBM, Armonk, USA). Kinetic and 328 
kinematic outcome parameters were assessed for normality using histograms which were 329 
inspected visually for fit of normal distribution and for presence of outliers. 330 
 331 
 332 
Differences in outcome parameters for saddle roll and saddle correction were assessed using 333 
a paired T-test with a significance level set at P≤0.05. A mixed model was used to determine 334 
the influence of speed on outcome parameters. For the assessment of saddle fit Fleiss Kappa 335 
statistics was calculated to assess agreement between observers averaging the Kappa values 336 
over 2 pairs; agreement was categorised values < 0 as indicating no agreement and 0–0.20 as 337 
slight, 0.21–0.40 as fair, 0.41–0.60 as moderate, 0.61–0.80 as substantial, and 0.81–1 as 338 
almost perfect agreement (26).  339 
 340 
 341 
3. Results 342 
 343 
3.1 Speed 344 
No significant difference was found in any of the outcome parameters when speed was included in the 345 
mixed model. 346 
 347 
 348 
3.2 Horse Inclusion 349 
All horses underwent a full lameness evaluation by two veterinary surgeons. Horses were trotted in 350 
hand on a firm level surface; all horses were deemed fit to perform. From the objective measures, 351 
horses had mean ± SD asymmetry values HDmin -2.37 ± 2.71, HDmax 0.05 ± 2.85, PDmin -3.11 ± 4.80 352 
and PDmax 2.15 ± 4.82 and HHD 1.27 ± 8.98 (32). (Appendix 1)  353 
 354 
 355 
3.3 Saddler Observations  356 
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Saddle asymmetries were subjectively scored by four SMSQSF in rising trot and canter on both reins 357 
for each horse, for each condition. Five saddles displayed left roll and two displayed right roll before 358 
correction. There was complete agreement between the four SMSQSF with both the static and 359 
dynamic evaluation in respect of saddle fit and direction of saddle roll. Visually, asymmetric 360 
positioning (saddle roll) was more noticeable on the rein with saddle roll to the outside, using an SMS 361 
subjective scoring system where saddle roll was categorised as 0 = no signs of saddle roll, 1= mild 362 
signs of saddle roll, 2 = moderate signs of saddle roll, 4 = severe signs of saddle roll and 5 = extreme 363 
signs of saddle roll, saddle position was evaluated on both reins.  364 
On the rein where the saddle had rolled to the outside, saddle roll ranged from 3 to 5, the lateral 365 
saddle displacement was more noticeable (trot 3.2±0.55 canter 4.20±0.45) and once corrected the 366 
subjective assessment of the displacement of the saddle ranged from 0 to 2 and was significantly 367 
‘improved’ (trot 1.20±0.45, P=0.03, canter 1.40±0.55, P=<0.001). 368 
On the rein where the saddle rolled to the inside, visually the saddle asymmetries were less noticeable 369 
(trot 1.80±0.45 canter 1.80±.45) and after saddle correction were unchanged (trot 1.80±0.45 canter 370 
1.70±0.30 P=≤0.05).  371 
 372 
3.4 Relationship between saddle pressure distribution, axial kinematics and limb kinematics- On the 373 
rein with saddle roll to the outside 374 
3.4.1 Kinematics - 2-Dimensional Motion Capture  375 
With the rider on the correct diagonal (sitting as the outside forelimb and inside hindlimb were in 376 
stance) with saddle roll to the outside, the outside front fetlock hyperextension was reduced 377 
compared to the inside front fetlock hyperextension. When the saddle had been corrected there was a 378 
significant increase (saddle roll 250.9° ± 7.7°, saddle corrected 252.9° ± 7.4°, P=0.02) in outside front 379 
fetlock hyperextension. After the saddle had been corrected, the inside hind fetlock hyperextension 380 
increased (saddle roll 242.76° ± 13.1°, saddle corrected 246.76° ± 11.9°, P≤0.05).  No significant 381 
differences (all = P>0.06) were found in canter for any of the 2D kinematic outcome parameters 382 
between before and after saddle correction. (Table 1 and 2) 383 
 384 
3.4.2. Kinematics - IMU  385 
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Smaller values were found after saddle correction for craniocaudal range of motion of the outside 386 
tuber coxae (saddle roll 35.4 ± 5.7 mm, saddle corrected 31.2± 4.5 mm P=0.02). In canter no 387 
significant differences were found (all P>0.15). (Table 4a and 4b) 388 
 389 
3.4.3 Kinetic Data – pressure distribution 390 
In rising trot, differences in peak pressures were observed between saddle roll and after saddle 391 
correction; after saddle correction a significant reduction in peak pressure beneath the inside portion 392 
of the panel (saddle roll 66.2 ± 10.2 kPa, saddle correction 58.6 ± 11.2 kPa, P≤0.05) was found. In 393 
canter peak pressures were reduced beneath the inside portion of the panel of the saddle (saddle roll 394 
60.8 ± 12.1kPa, saddle correction 56.0 ± 12.8 kPa, P=0.04). (Table 3) 395 
 396 
3.4.4 Relationship between saddle and rider kinematics 397 
Asymmetric saddle positioning affected rider kinematics significantly; in canter on the rein with 398 
saddle roll to the outside, (for both the inside and outside of the trunk angle between the Acromion, 399 
Greater Trochanter and the lateral Femoral Condyle) the inside trunk angle of the rider was less when 400 
compared to the outside trunk angle (outside 153.27°±7.26°, inside 141.93°±3.36°) (P=0.02). After 401 
saddle correction, the inside trunk angle increased (P=0.01) in effect increasing symmetry between 402 
the inside and outside trunk with no significant difference (P≤0.05) between inside and outside angles 403 
after saddle correction (outside 149.27°±10.68°, inside 148.60°±2.24°). When the saddle rolled to the 404 
outside, measured from the horizontal, the rider’s outside stirrup was significantly (P= 0.02) lower 405 
than their inside stirrup, (saddle roll 6.25°±2.21° saddle correction 1.67°±1.23°).  406 
 407 
3.5 Relationship between saddle pressure distribution, axial kinematics and limb kinematics- On the 408 
rein with saddle roll to the inside 409 
3.5.1 Kinematics - 2-Dimensional Motion Capture 410 
In trot on the rein with saddle roll to the inside; a larger angle was found for the inside maximum 411 
tarsal flexion (saddle roll 116.9° ± 6.5°, saddle corrected 118.5° ± 5.6 °, P≤0.05) after saddle 412 
correction.  No significant differences (all P>0.11) were found in trot or canter for any of the 413 
remaining outcome parameters after saddle correction. (Table 1 and 2) 414 
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3.5.2. Kinematics - IMU  415 
Larger values were found after saddle correction for mediolateral range of motion (ROM) of the 416 
sacrum (saddle roll 42.7 ± 17.6 mm, saddle correction 47.1 ± 18.4 mm, P=0.03) and the outside tuber 417 
coxae (saddle roll 40.7 ± 7.9 mm, saddle correction 50.4 ± 11.2 mm, P=0.03) and in a craniocaudal 418 
direction for the inside tuber coxae (saddle roll 27 ± 3.4 mm, saddle correction 32.4 ± 3.0 mm, 419 
P=0.001). (Table 4a) 420 
In canter, after saddle correction smaller values were found for sacrum ROM (saddle roll 121.4 ± 17.1 421 
mm, saddle correction, 115.2 ± 13.2 mm, P=0.04) and the outside tuber coxae ROM (saddle roll 113 422 
± 13.0 mm, saddle correction 104.8 ± 13.8 mm P=0.04) in a craniocaudal direction after saddle 423 
correction. (Table 4b) 424 
 425 
3.5.3 Kinetic Data – pressure distribution 426 
In canter, after saddle correction, reduced peak pressures were found beneath the outside portion of 427 
the panel of the saddle (saddle roll 59.7 ± 7.2 kPa, saddle correction 54.5 ± 5.6 kPa, P=0.02). (Table 428 
3) 429 
 430 
3.5.4 Relationship between saddle and rider kinematics 431 
In canter, no significant differences were seen in the rider’s inside trunk angle compared to the 432 
outside trunk angle (inside 147.27±6.56°, outside 149.43±2.56°) P=>0.05 before or after saddle 433 
correction. No significant differences were found in the rider’s inside/outside stirrup position (saddle 434 
roll 1.47±1.31°, saddle correction 1.56±1.21°) before and after saddle correction. 435 
 436 
 437 
 438 
Discussion 439 
The aim of this study was to determine the relationship between saddle kinematics, horse locomotion, 440 
saddle pressures and rider kinematics in non-lame horses. Although some differences have been 441 
reported here, the authors appreciate that this study is limited in its sample size. As such, in order to 442 
make optimal use of the small sample size, data processing methods involved converting data from 443 
n=2 horses (showing saddle roll to the right) effectively resulting in saddle roll to the left for n=7 444 
horses. In addition, data analysis categorised data with respect to whether the shift in saddle 445 
positioning (saddle roll) occurred to the inside or outside irrespective of the actual direction of roll (to 446 
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left or to right). The authors appreciate rider handedness and horse laterality might affect data 447 
normalisation, however, all subjects were right handed. Future studies, with greater sample size, 448 
should look to investigate handedness and laterality and its influence on saddle position. 449 
Given that speed can influence stride characteristics (33), it is possible that any alterations in 450 
locomotion were related to a change in speed (34), however, in this study speed did not affect any of 451 
the outcome parameters between the two conditions (with/without saddle roll). The saddles used in 452 
this study had uniform and symmetrical panels, were wool flocked, free from lumps or cavities and 453 
regularly serviced by a SMSQSF preceding the study and were deemed to fit and be in good working 454 
order by four SMSQSF (26). Therefore, in this study, the presence of saddle roll could not be 455 
explained by incorrectly fitting saddles. 456 
The effect that saddles have on the locomotor system has been previously explored with respect to 457 
pressures associated with saddle fit and type (12, 13, 35) and the effect of tree and panel widths (1) 458 
and pad materials (14-16).  However, there is a paucity of quantitative research on the effect that a 459 
saddle (out of balance) has on the locomotion of sound horses. Studies have investigated the 460 
association between hind limb lameness and saddle slip where it was shown after resolution of hind 461 
limb lameness, saddle roll (slip) was eliminated (15, 36). The association of asymmetrical or reduced 462 
range of motion of thoracolumbar kinematics have been investigated where, after the elimination of 463 
lameness, increased range of motion of the thoracolumbar was reported (37), thus likely to help 464 
support the ability for the saddle to remain in balance.  465 
In our preliminary study it was hypothesised that with saddle roll bias to one side there would be 466 
increased front fetlock hyperextension, a sign of increased vertical ground reaction forces (21), 467 
generating greater forces on the side that the saddle and rider weight had rolled to. In contrast to our 468 
hypothesis - in trot on the rein with saddle roll to the outside - a decrease in outside front fetlock 469 
hyperextension and a decrease in inside hind fetlock hyperextension was observed.  470 
In effect, saddle roll to the outside reduced outside front fetlock hyperextension, a pattern observed in 471 
lameness (38) and, once the saddle had been corrected, inside hind limb fetlock hyperextension 472 
increased, a pattern observed with increased loading and higher ground reaction forces. In addition, 473 
the rider’s seat position became more central to the horse and the trunk lean (displayed when saddle 474 
roll was present) was reduced. Changes in thoracolumbar mechanics have been reported with induced 475 
front limb lameness (39) and after elimination of hind limb lameness (37) increased flexion/extension 476 
of the region around the 13th thoracic vertebra and axial rotation of the thoracolumbar region was 477 
measurable. It is speculated that as a function of saddle roll, affecting front and hind (contralateral) 478 
limb fetlock hyperextension and consequently contralateral force production (21), it is likely that 479 
thoracolumbar mechanics would be altered (37, 39). Further work is needed to confirm. 480 
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It would be useful to evaluate the maximal flexion for the proximal joints, elbow, shoulder, hip and 481 
stifle, as well as evaluating front/hind limb pro/retraction angles and stance durations (40) as these 482 
have been evaluated in relation to gait adaptions (41), thus could provide further information on how 483 
the horse compensates with an asymmetrically positioned saddle and rider. On the rein with saddle 484 
roll to the outside, the maximal flexion of the carpus or tarsal joint was not altered between the two 485 
conditions. It was hypothesised that the inside carpal and tarsal joint would have reduced flexion in an 486 
attempt to maintain trunk stability by reducing propulsion (22, 42). In contrast to our hypothesis, on 487 
the rein with saddle roll to the inside, the inside maximal tarsal flexion was less after correction; it is 488 
speculated that an increase in tarsal flexion could be associated with the hock-stifle reciprocal 489 
apparatus potentially aiding the flexion of the hip to alter pelvic function in order to flex the back and 490 
aid propulsion or indeed a sign of lameness. Further research is needed to confirm these gait 491 
alterations in relation to saddle position. Various riding positions and their effect on locomotion have 492 
been reported (43). This study only looked at rising trot which could have an effect on saddle position 493 
and kinematics, however, it would be expected that if the saddle rolled due to rising trot or the seated 494 
position in canter, saddle roll would be seen on both reins and in the current study it was only seen on 495 
one rein. Future studies should attempt to look at various riding positions and their influence on 496 
saddle position.  497 
The effect the rider has on the horse (3, 44-46) as well as rider experience (1) has been investigated, 498 
in respect of saddle position; with saddle roll to the outside the rider’s seat was positioned to the 499 
outside (with the saddle) and in a likely attempt to maintain balance, by keeping their centre of mass 500 
aligned as closely to the midline of the horse, the rider’s trunk leant to the inside. All riders adjusted 501 
their position as a result of saddle position and when corrected they became more central. Further 502 
work is needed to determine if the rider induces saddle roll through their own asymmetries or 503 
handiness or if their position is a function of saddle position. Interestingly, one rider rode two horses 504 
and each horse showed saddle roll in a different direction suggesting, in this case, that saddle roll was 505 
as a function of horse and/or horse-saddle and not directly related to the rider. Future studies should 506 
look at the influence of rider position on saddle position.  507 
Further support that saddle roll affects locomotion derived from our IMU data; whilst trotting, on the 508 
rein with saddle roll to the outside smaller values were found after saddle correction for the outside 509 
tuber coxae in a craniocaudal direction. This could be related to the push-off of the contralateral hind 510 
limb (here: inside), where it was found that horses who displayed less vertical push off, 511 
accommodated by increasing their motion in a craniocaudal direction of the contralateral side (here: 512 
outside) (47). Further evidence supporting this derived from our limb kinematics; where inside hind 513 
fetlock hyperextension was less before saddle correction indicating less push off. It is speculated, in 514 
the current study, the larger values seen on the outside tuber coxae when saddle roll was present could 515 
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be an indication that the push off of the inside hind is less, once corrected, values were smaller 516 
indicating more equal push off. Further work, ideally with direct force measurement as described 517 
elsewhere (47) is needed to confirm this association. Thoracolumbar motion has been investigated 518 
with the positioning of IMUs along the back and beneath the saddle (48). This study could glean 519 
further information incorporating these methods in determining changes in thoracolumbar motion 520 
before and after saddle correction however, a lateral displacement of the saddle may influence the 521 
IMU placement and in particular lateral changes in positioning could lead to larger errors (49). 522 
Differences in gallop kinematics (head and pelvis) after the induction of fore and hind limb lameness 523 
have been investigated where no differences between sound and lame conditions were reported  (50). 524 
This study found that whilst cantering on the rein with saddle roll to the inside, smaller ROM values 525 
were found for the sacrum and outside tuber coxae. The reason for this is unknown; cautiously 526 
following the principles of trot mechanics, it is speculated that this might be related to increased 527 
propulsion of the inside hind when saddle roll is present.  Cautiously speculating, that when the saddle 528 
is corrected the inside hind limb reduces propulsion, given the locomotor differences between trot and 529 
canter, further work is needed to substantiate this theory. This study omitted the poll sensor data due 530 
to the noise as a result of the interaction of the rider with the horse. 531 
Pressure distribution beneath the saddle has been reported (8, 31, 51-53) along with changes in 532 
locomotion as a result of reduced pressures beneath the saddle and girth (5, 7). Thresholds for saddle 533 
pressures associated with back pain have been established (peak pressures of >30 and mean pressures 534 
of >11 (kPa)) (8). It was hypothesised that as a function of saddle roll there would be asymmetric 535 
distribution of pressure beneath the saddle. In support of this, on the rein with saddle roll to the 536 
outside; differences in peak pressures were observed beneath the inside portion of the saddle localised 537 
close to the midline in the region of thirteenth thoracic vertebra, beneath the points of the tree (inside) 538 
and panel (inside) (figure 3). These increased peak pressures were seen in rising trot (<66.2 ± 10.2 539 
kPa) and canter (<60.8 ± 12.1 kPa) (8). In this group of horses, the timings at which the peak 540 
pressures occurred within the stride were consistent. With saddle roll left (right rein), peak pressures 541 
occurred in trot in the cranial portion of the inside panel during the stance phase of the inside 542 
forelimb. These pressures could be as a result of the rider; at this moment the rider is at maximal 543 
height during the rise. Peak pressures only occurred on the rein with saddle roll; on the opposite rein, 544 
when the saddle was straight, a more uniform pressure distribution was seen suggesting that the 545 
pressures seen in the current study were as a function of saddle position as opposed to the rider rising. 546 
This study could be improved further by investigating sitting trot which would help to determine if the 547 
peak pressures observed were as a function of riding position (rising trot) or / and saddle roll. In 548 
canter, peak pressures occurred during the stance phase of the diagonal pair (inside hind limb and 549 
outside forelimb) and leading forelimb, this could be related to the ground reaction forces of the 550 
diagonal pair, rotation of the thorax, thoracolumbar kinematics and influence of the rider (23). The 551 
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direct mechanics behind this warrant further investigation. Once saddle position had been corrected 552 
with the use of shims, saddle pressures were reduced. It could seem counterintuitive to position a shim 553 
under the saddle, with the concern that a ridge of pressure would be created, in this study, saddle roll 554 
was reduced when corrected with a shim and no ridges of pressures were seen from the use of the 555 
shim. 556 
 557 
Conclusion 558 
In a straight line, horses with an asymmetrically positioned saddle significantly altered their 559 
locomotion in trot and canter. As previously highlighted, this study is limited by its sample size, 560 
however, by using three objective measures, four qualified saddle fitters and data processing, taking 561 
into account the side of the saddle roll and using each horse as its own control, an attempt to 562 
investigate the relationship between saddle kinematics and horse locomotion has been made. This 563 
preliminary study has shown that in these horses, saddle kinematics have a significant effect on 564 
equine locomotion; asymmetry in fetlock angles which is likely affecting force production; increased 565 
pressures beneath the panel contralateral to the direction of saddle roll; changes in pelvic ROM as a 566 
result of saddle position; rider position being compromised by the rider leaning to the opposite side to 567 
the direction of saddle roll in order for the rider to align their centre of mass closer to the midline of 568 
the horse thus optimising balance. Using a SMSQSF and Prolite shims this study has reported changes 569 
in locomotion, saddle pressures and rider kinematics by correction of saddle position in this group of 570 
horses. Correct saddle fitting is hence essential to optimize the horse-rider system.  571 
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 783 
 784 
 785 
 786 
Table 1 787 
 788 
Simultaneous motion capture providing kinematic data collected from six strides from the left and 789 
right side during rising trot for both saddle roll and saddle corrected conditions on both left and right 790 
reins. All data mirrored to represent saddle roll left.   791 
 792 
 793 
 Rein with Saddle Roll to Inside 
(here: left rein) 
Rein with Saddle Roll to Outside
right rein)
 Asymmetric 
Saddle  
 
Saddle 
Corrected  
 
P Value 
=≤0.05 
Asymmetric 
Saddle  
Inside - Maximal Carpal Flexion 
(°) (mean±SD) 
100.9 ± 5.9 99.5 ± 6.1 0.13 97.3 ± 2.7 
Outside - Maximal Carpal Flexion 
(°) (mean±SD) 
97.2 ± 2.3 96.6 ± 1.9 0.10 100.1 ± 6.9 
Inside- Front Maximum Fetlock 
Hyperextension (°) (mean±SD) 
250.8 ± 7.8 250.2 ± 6.3 0.54 248.8 ± 8.2 
Outside- Front Maximum Fetlock 
Hyperextension (°) (mean±SD) 
253.5 ± 15.0 249.9 ± 9.4 0.37 250.9 ± 7.7 
Inside – Maximal Tarsal Flexion 
(°) (mean±SD) 
116.9 ± 6.5 118.5 ± 5.6 0.05 112.7 ± 14.4 
Outside - Maximal Tarsal Flexion 
(°) (mean±SD) 
117.5 ± 4.3 118.5 ± 4.7 0.13 118.7.5 ± 4.3 
Inside- Hind Maximum Fetlock 
Hyperextension (°) (mean±SD) 
246.3 ± 3.5 247.0 ± 3.7 0.22 242.7 ± 13.1 
Outside - Hind Maximum Fetlock 
Hyperextension (°) (mean±SD) 
241.5 ± 11.0 241 ± 14.3 0.95 246.5± 4.5 
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 805 
 806 
 807 
 808 
 809 
Table 2 810 
 811 
Simultaneous motion capture providing kinematic data collected for the left and right side during 812 
canter for both saddle roll and saddle corrected conditions on both left and right reins. All data 813 
mirrored to represent saddle roll left.   814 
 815 
 816 
 Rein with Saddle Roll to Inside  
(here: left rein) 
Rein with Saddle Roll to Outside 
(here: right rein)
 Asymmetric 
Saddle  
 
Saddle 
Corrected  
 
P Value 
=≤0.05 
Asymmetric 
Saddle  
 
Inside - Maximal Carpal Flexion 
(°) (mean±SD) 
109.8 ± 5.3 108.4 ± 6.4 0.40 108.9 ± 7.1 
Outside - Maximal Carpal Flexion 
(°) (mean±SD) 
110.6 ± 4.3 111.2 ± 5.8 0.62 111.9 ± 9.4 
Inside- Front Maximum Fetlock 
Hyperextension (°) (mean±SD) 
249.7 ± 9.4 247.5 ± 9.4 0.29 243.1 ± 11.9 
Outside- Front Maximum Fetlock 
Hyperextension (°) (mean±SD) 
247.1 ± 6.6 246.5 ± 6.7 0.22 252.9 ± 4.1 
Inside – Maximal Tarsal Flexion 
(°) (mean±SD) 
129.6 ± 4.0 131.8 ±10.2 0.44 128.8 ± 8.5 
Outside - Maximal Tarsal Flexion 
(°) (mean±SD) 
127.9 ± 4.4 129.5 ± 4.7 0.11 128.7 ± 4.4 
Inside- Hind Maximum Fetlock Hyperextension 
(°) (mean±SD) 
244.1 ± 3.4 246.9 ± 3.4 0.23 239.5 ± 11.1 
Outside - Hind Maximum Fetlock 
Hyperextension (°) (mean±SD) 
119.4 ± 11.6 120.0 ± 13.7 0.74 244.3 ± 5.2 
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 827 
 828 
 829 
 830 
 831 
 832 
Table 3 833 
 834 
Saddle pressure distribution data collected from thirty-three strides from beneath the saddle during 835 
trot and canter for both saddle roll and saddle corrected conditions on both left and right reins. All 836 
data mirrored to represent saddle roll left and split into left and right saddle panels. 837 
 838 
  Rein with Saddle Roll to Inside 
(here: left rein) 
Rein with Saddle Roll to Outside 
(here: right rein) 
 
 Asymmetric 
Saddle  
Saddle 
Corrected  
 
P 
Value 
=≤0.05 
Asymmetric 
Saddle  
 
Saddle 
Corrected  
 
p  
Value 
=≤0.05 
Peak pressures 
beneath the left 
panel  
(kPa) 
(mean±SD) 
Trot 
 
61.1 ± 10.6 58.8 ± 10.9 0.38 58.5 ± 9.0 53.3 ± 8.0 0.09 
Peak pressures  
beneath the right 
panel 
(kPa) 
(mean±SD) 
Trot 58.2 ± 4.7 54.4 ± 9.5 0.15 66.2 ± 10.2 58.6 ± 11.2 0.05 
Peak pressures 
beneath the left 
panel  
(kPa) 
(mean±SD) 
Canter 59.6 ± 5.5 56.6 ± 6.3 0.12 56.6 ± 8.2 49.7 ± 5.8 0.19 
Peak pressures 
beneath the right 
panel  
(kPa) 
(mean±SD) 
Canter 59.7 ± 7.2 54.5 ± 5.6 0.02 60.8 ± 12.1 56.0 ± 12.8 0.04 
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Table 4a 840 
Kinematic data during trot on the left and right rein with saddle roll left and after saddle correction, 841 
(ROMY=range of motion in mediolateral direction, ROMX = range of motion craniocaudal direction 842 
ROMZ = range of motion in vertical direction, MinD = difference between the two minima in vertical 843 
displacement). 844 
 845 
 Rein with Saddle Roll to Inside 
(here: left rein) 
Rein with Saddle Roll to Outside 
(here: right rein) 
 Asymmetric 
Saddle  
 
Saddle 
Corrected  
 
P Value 
=≤0.05 
Asymmetric 
Saddle  
 
Saddle 
Corrected  
 
P Value 
=≤0.05 
Sacrum ROMY 
(mean±SD) 
42.7 ± 17.6 47.1 ± 18.4 0.03 44.7 ± 17.0 44.1 ± 
17.6 
0.69 
LTC ROMX 
(mean±SD) 
27 ± 3.4 32.4 ± 3.0 0.001 35.4 ± 5.7 31.2 ± 4.5 0.02 
LTC ROMY 
(mean±SD) 
35 ± 10.0 38.4 ± 11.3 0.10 46.1 ± 9.9 48.8 ± 6.2 0.92 
LTC ROMZ 
(mean±SD) 
125.4 ± 19.6 126.8 ± 
18.4 
0.51 118 ± 20.7 121 ± 22.1 0.23 
RTC ROMX 
(mean±SD) 
31.4 ± 6.3 35.7± 6.2 0.07 31.5 ± 3.9 32.2 ± 6.2 0.70 
RTC ROMY 
(mean±SD) 
40.7 ± 7.9 50.4 ± 11.2 0.03 37.5 ± 9.3 36.2 ± 9.6 0.39 
RTC ROMZ 
(mean±SD) 
121.8 ± 18.4 121.2 ± 
17.0 
0.68 126.5 ± 14.8 128.4 ± 
19.8 
0.60 
LTC MinD 
(mean±SD) 
5.1 ± 25.0 7.1 ± 24.4 0.31 -2.3 ± 20.2 -0.6 ± 
21.1 
0.43 
RTC MinD 
(mean±SD) 
0.4 ± 21.8 2.3 ± 21.6 0.05 -7.2 ± 26.3 -5.6 ± 
26.3 
0.50 
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Table 4b 868 
Horse ROM values during canter on the left and right rein with saddle roll and after saddle correction, 869 
(ROMX = range of motion craniocaudal direction, TCD = difference between vertical movement 870 
amplitude of left and right tuber coxae). 871 
 Rein with Saddle Roll to Inside 
(here: left rein) 
Rein with Saddle Roll to Outside 
(here: right rein) 
 Asymmetr
ic Saddle  
 
Saddle 
Corrected  
 
P Value 
=≤0.05 
 
Saddle 
Correcte
d  
 
Asymmet
ric 
Saddle  
 
P Value 
=≤0.05  
 
Sacrum ROMX 
(mean±SD) 
121.4 ± 
17.1 
115.2 ± 
13.2 
0.04 116.5 ± 
19.3 
115.2 ± 
18.2 
0.61 
RTC ROMX 
(mean±SD) 
113 ± 13.0 104.8 ± 
13.8 
0.04 89.8 ± 
15.6 
91.2 ± 
16.7 
0.55 
TCD 
(mean±SD) 
32.2 ± 32.8 19.8 ± 28.2 0.05 -20.2 ± 
30.1 
-26.1 ± 
28.7 
0.21 
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Figure legends 896 
 897 
Figure 1 898 
Markers were located over the (1) scapular spine, (2) head of humerus (cranial), (3) lateral condyle of 899 
humerus, (4) lateral metacarpal condyles, (5) distal aspect of the metacarpus over the lateral collateral 900 
ligament of the metacarpophalangeal joint and (6) origin of the lateral collateral ligament (LCL) of 901 
the distal interphalangeal joint, (7) tuber sacrale, (8) greater trochanter of the femur, (9) lateral 902 
condyle of the femur, (10) talus, (11) distal aspect of the metatarsus over the lateral collateral 903 
ligament of the metatarsophalangeal joint and (12) origin of the lateral collateral ligament (LCL) of 904 
the distal interphalangeal joint (Figure 1) on both sides of the horse along with a pressure mat 905 
(Pliance) beneath the saddle and inertial measuring units positioned over the sacrum, left and right 906 
tuber coxae and the poll using custom made pouches.  907 
 908 
 909 
Figure 2 910 
 911 
 (A) showing the rider position with saddle roll (here: right) with 30mm spherical markers positioned 912 
on the midline of the cantle (3), between the two tubera sacrale (2) and caudal aspect of the croup (1) 913 
with riders wearing a posture jacket (Visualise), with lines positioned horizontally across the upper 914 
scapula and down the spine of the rider. (B) showing the same rider, same horse after saddle 915 
correction. Two angles were measured: 1) the angle between the Acromion, Greater Trochanter 916 
(dorsal) and the lateral Femoral Condyle (ventral) representing the rider’s trunk angle and 2) from the 917 
horizontal the angle between the ventral aspect of both the inside and outside stirrup representing the 918 
rider’s heel position (figure 2).  919 
 920 
 921 
Figure 3 922 
Pressure distribution beneath the saddle whilst cantering on the rein with saddle slip to the outside 923 
(here: left). (A) showing pressure distribution beneath a saddle which has rolled to the left, increased 924 
pressures to the right of the midline. (B) showing pressure distribution beneath the saddle after saddle 925 
correction.  926 
 927 
Appendix 1 928 
 929 
Asymmetry values for the seven horses whilst trotting in hand on a firm surface. HDmax and PDmax, the 930 
difference between the two peaks (maxima) of the vertical movement of the poll (HDmax) and tubera 931 
sacrale (PDmax). HDmin and PDmin the difference between the two troughs (minima) of the vertical 932 
movement of the poll (HDmin) and tubera sacrale (PDmin). Hip Hike Difference (HHD), defined as the 933 
difference in upward movement of each tuber coxae during contralateral hind limb stance. 934 
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 935 
 936 
Subject 
HDmin 
mm 
HDmax 
mm 
PDmin 
mm 
PDmax 
mm 
HHD 
mm 
1 -1.50 -0.32 -6.34 2.32 -4.47 
2 -7.58 -2.56 -7.34 7.00 11.56 
3 -2.29 4.18 -3.44 -6.00 -10.81 
4 0.22 3.67 -4.89 -3.00 11.63 
5 -1.00 -0.49 5.67 5.36 8.00 
6 -0.27 -1.00 -6.52 4.57 -2.67 
7 -4.14 -3.13 1.11 4.78 -4.33 
Mean -2.37 0.05 -3.11 2.15 1.27 
SD 2.71 2.85 4.80 4.82 8.98 
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Highlights 
 
1. Correct saddle fit is essential in optimising horse-saddle-rider interaction.  
 
2. In trot, saddle roll effects front and hind limb fetlock hyperextension. 
 
3. Saddle roll creates increase pressures beneath the panel contralateral to direction of roll. 
 
4. Saddle roll effects rider positioning and likely interaction with the horse. 
 
5. Saddle roll occurs on one rein more than the other. 
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